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LONG-TERM  GOALS 

Develop  and  experimentally  test  target  scattering  models  as  well  as  reverberation/sediment-acoustic 
models.  Quantitatively  assess  the  modeling  approximations  possible  within  the  fidelity/speed 
requirements  of  Navy  performance  estimators/simulators. 

OBJECTIVES 

Over  at  least  the  last  few  decades,  much  of  the  basic  research  effort  related  to  ASW  has  focused  on 
low-frequency  propagation  (the  passive  problem).  Meanwhile,  submarine  technology  has  forced  the 
Navy  to  increase  its  use  of  (low  and  mid-frequency)  active  sonar,  in  which  case  reverberation 
(including  clutter)  limits  performance.  Contemporaneously,  active  sonar  MCM  efforts  have  extended 
their  frequencies  of  operation  from  high  down  to  mid-frequencies.  Again,  in  many  cases,  reverberation 
limits  performance  for  these  MCM  systems.  Thus  the  shallow  water  problem  of  acoustic  scattering 
from  a  target  in  a  waveguide,  as  well  as  character  of  the  associated  reverberation,  continues  to  be  both 
an  applied  and  basic  research  problem  of  some  significance  over  a  broad  range  of  frequencies. 

My  objectives  are  to: 

1)  carry  out  field  measurements  of  shallow  water  reverberation  and  target  scattering  in  the  mid-to- 
high  frequency  range, 

2)  quantitatively  predict  these  experimental  results  using  a  combination  of  exact  finite  element 
modeling,  approximate  numerical  modeling,  and  analytical  physical  acoustics  modeling. 

3)  detennine  the  approximations  possible  within  performance-prediction/mission-planning 
requirements. 

APPROACH 

The  foundation  of  the  reverberation  and  target  scattering  research  are  experiments  planned  for  FY13- 
14.  These  experiments  involve  measurements  of  target  and  sediment  backscattering  as  well  as 
reverberation.  The  main  experiment  will  occur  off  the  coast  of  Florida  in  FY13  at  a  shallow  water, 
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sand  bottom  site.  A  second,  more  target  oriented  experiment  will  occur  in  FY14  in  a  shallow  water, 
muddy  site.  A  major  goal  of  the  experiments  is  to  measure  both  the  acoustics  and  the  environmental 
conditions  needed  as  input  to  models  designed  to  predict  the  acoustic  results.  (These  experiments  are 
made  possible  by  leveraging  a  combination  of  funds  from  the  ONR  Ocean  Engineering,  ONR  Ocean 
Acoustics  and  SERDP  Munitions  Response  teams.) 

Reverberation 

Wave  theory,  ray  and  energy  transport  based  models  of  shallow  water  propagation  and  reverberation 
will  be  compared  to  the  experimental  data.  The  acoustic  and  contemporaneous  environmental 
measurements  will  focus  on  supporting  quantitative  data/model  comparisons  in  the  3-4  kHz  range  but 
will  include  data  taken  from  1-10  kHz. 

Targets-in-the-environment  response  (TIER) 

The  target  scattering  experiments  covered  the  frequency  range  from  about  3  to  30  kHz.  A  variety  of 
targets,  specified  by  the  sponsors,  were  placed  in  view  of  a  rail/tower  system  that  takes  data  at  a 
sufficient  resolution  to  produce  synthetic  aperture  images  of  the  target  or,  alternatively,  to  develop 
images  of  the  target  strength  as  a  function  of  frequency  and  angle  of  observation.  Finite  element 
models  (in  combination  with  various  physical  acoustics  based  approximations)  of  the  elastic  response 
of  these  targets  will  be  developed  and  compared  to  the  data. 

Sediment  Acoustics 

This  effort  is  more  model-focused  with  the  corresponding  experimental  data  already  in  hand  from 
previous  work,  i.e.,  SAX99  and  SAX04.  Data  from  those  experiments,  on  sediment  sound  speed, 
attenuation  and  scattering  have  indicated  deficiencies  in  current  sediment  models  at  both  low  (below  3 
kHz)  and  high  (above  150  kHz)  frequencies.  The  approach  here  will  be  to  examine  two  physical 
effects  that  to  this  point  have  not  been  introduced  into  the  model.  At  low  frequencies  this  involves  the 
thermal  conductivity  of  the  media  and  at  high  frequencies  its  non-continuum  nature. 

WORK  COMPLETED 

Reverberation 

We  continued  testing  models  (with  various  sophistication)  against  experimental  data.  In  the  present 
effort  simple  energy  transport  modeling  was  compared  to  experimental  data  as  well  as  more 
sophisticated  modeling  carried  out  by  other  researchers. 

Targets-in-the-environment  response  (TIER) 

The  BAYEX  experiment  was  carried  out  in  St.  Andrews  Bay  (a  mud  environment).  Data  was  acquired 
on  multiple  targets.  A  separately  funded  ONR  effort  (N00014-07-G-0557/0032)  paid  for  the 
BAYEX  14  experiment  and  data  analysis.  The  effort  within  this  grant  is  focused  on  modeling 
development  and  data/model  comparisons. 
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Sediment  Acoustics 


The  Effective  Density  Fluid  Model  (EDFM),  as  expanded  to  include  the  thermal  conductivity  of  the 
media  at  low  frequencies  and  granularity  effects  at  high  frequencies  was  used  as  part  of  a  study  on  the 
effects  of  temperature  on  the  speed  and  attenuation  of  sound  in  sand. 

RESULTS 

Reverberation 


Figure  1:  TREX  experiment  data  (blue  and  red  curves)  are  compared  to  an  energy  transport  model 
(yellow  line  with  red  stars).  Model  used  measured  bathymetry,  sediment  and  water  properties,  and  a 
Lambert  parameter  of  -27  dB.  Other  models  -magenta  line  -  PE  (by  Dajun  Tang),  black  dashed  line 

-  GRAB  (by  Todd  Hefner). 


Figure  1  shows  both  experiment  results  from  TREX  13  and  the  results  of  an  energy  transport  model  for 
reverberation  (ASPM).  The  model  is  able  to  capture  the  general  background  trend  of  the  data, 
however,  even  with  inclusion  of  local  topography,  is  unable  to  capture  the  details.  More  sophisticated 
models,  capable  of  using  more  of  the  environmental  measurements,  are  being  developed  under 
separate  funding  by  D.  Tang  and  B.  T.  Hefner. 
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Targets-in-the-environment 
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Figure  2.  The  geometry,  finite  element  model,  targets,  experimental  data  and  finite  element  model 
predictions  are  shown  for  2  of  the  27  targets  used  in  TREX13. 

Figure  2  shows  details  of  the  TREX  13  geometry,  the  finite  element  mesh  and  the  experiment  and 
modeling  results  for  two  of  the  27  the  targets  deployed  during  TREX13.  The  two  targets  are  identical 
in  shape  but  one  is  internally  flooded  with  water  while  the  other  contains  air. 

The  experiment  and  modeling  results  are  the  absolute  target  strength  as  a  function  of  angle  (full  360 
degrees)  and  frequency  (3-30  kHz).  Both  the  experiment  and  model  indicate  that  flooding  the  target 
with  water  causes  the  TS  signature  to  change,  especially  near  90  degrees. 

Several  other  targets  in  the  experiment  have  been  modeled  and  data/model  comparisons  indicate  that 
the  combination  of  finite  element/physical  acoustics  modeling  is  able  to  capture  many  of  the  salient 
features  of  the  experimental  data. 
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Sediment  Acoustics 
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Fig.  3.  Sound  speed  and  attenuation  (at  40  kHz)  vs.  temperature  below,  near,  and  above  the 
attenuation  transition  permeability  (kat )(  kat  is  approximately  2x1  O'12  for  the  case  chosen). 
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Figure  4.  Comparisons  of  acoustic  experiment  data  (circles,  which  are  extracted  from 
Figs.  3  and  4  of  [4])  with  theoretical  calculations  using  EDFM for  (a)  sound  speed  and  (b) 

attenuation  vs.  temperature. 

Figure  3  shows  the  predicted  sound  speed  and  attenuation  in  a  sand  sediment  as  a  function  of 
temperature  for  different  values  of  penneability.  (The  permeability  of  sand  sediment  can  range  from 
10'  to  10'  m".)  Sound  speed  behaves  similarly  at  all  permeabilities  shown,  however,  and  behavior  of 
the  attenuation  as  a  function  of  temperature  can  be  very  different  for  different  penneabilities.  The 
physics  behind  the  behavior  of  attenuation  is  explained  in  [1].  The  model  used  in  [1]  (and  in  Fig.  3)  is 
the  simplification  of  the  Biot  porous  medium  model  known  as  the  EDFM  [2].  Figure  4  shows 
data/model  comparisons  presented  in  [1]  indicating  the  viability  of  the  EDFM  for  capturing  the  overall 
temperature  dependence  of  sand  sound  speed  and  attenuation. 
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IMPACT/APPLICATIONS 


Active  ASW  and  MCM  at  mid-frequencies  (1-10  kHz)  is  a  mainstay  of  the  US  Navy.  Modeling  to 
predict  Signal-to-Noise  ratios  and  target  signatures  in  the  Ocean  are  thus  of  primary  importance.  The 
results  of  the  modeling  carried  out  and  the  experimental  validation  of  these  models  can  feed  directly 
into  the  next  generation  of  Navy  models  used  in  TDAs  and  mission  planning  tools. 
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